Given the scarcity of water resources in semi-arid regions and the potential of water reuse as a strategy to solve this problem, this study aimed to evaluate the effects of domestic sewage effluent on growth, yield, and quality of two crisp lettuce cultivars. The research was carried out in greenhouse conditions utilizing an experimental design with randomized blocks in a 5 x 2 factorial scheme, with five concentrations from treated domestic effluent blended with tap water (0, 25, 50, 75 and 100% of treated domestic effluent) and two crisp loose lettuce cultivars (Scarlet and Cristal) done in triplicate with five plants per trial. The lettuce plants were growth in trapezoid-shaped PVC channels filled with coconut fiber substrate and organic compost (2:1) for 35 days after transplanting. The experimental results indicated that irrigation with 30% sewage effluent diluted in tap water gives higher growth and yield of lettuce. The Cristal cultivar shows growth, soluble solids, and chlorophyll higher than the Scarlet cultivar. The application of treated domestic effluent does not affect the post-harvest quality of the lettuce to both cultivars. Key words: Lactuca sativa L. Water resources. Water reuse.
Introduction
The water crisis is a worldwide challenge requiring the use of technologies that allow the efficient use and enhancement of water resources. This is especially true in the agricultural sector which is responsible for most water catchment (WHATELY, CAMPANELY, 2016) . In this context, there is a need to reuse water resources and, at the same time, consider the cost/benefit ratio that meets the applicable legislation to mitigate environmental impacts (RODRIGUES et al., 2011; ALVES et al., 2014) .
Adequate management of water resources is an issue frequently addressed in the international scientific community and specifically in Brazil. Despite extensive territorial water reserves, there are problems of scarcity in some Brazilian regions, notably semi-arid ones. Thus, the use of wastewater in agriculture has aroused great interest, demonstrating significant growth in recent years (BAIONI et al., 2017) .
The use of treated sewage effluents is not a new practice; however, there is a growing interest in the need to reuse it, especially in agriculture (ALBUQUERQUE JUNIOR et al., 2016) . The interest in using treated wastewater in irrigation is the subject of more recent studies (RODRIGUES et al., 2011; OLIVEIRA et al., 2012; JUCHEN et al., 2013; ALVES et al., 2014; CUBA et al., 2015; ALBUQUERQUE JUNIOR et al., 2016; BAIONI et al., 2017) . It has become an attractive option since it reduces contamination by direct discharge of sewage in the water bodies, improves the potability conditions, allows a more rational use of resources, and is an alternative source of available water for agricultural crops. (MARTÍNEZ et al., 2013; CUBA et al., 2015) . However, the effects of crop fertilization using treated sewage effluents should be monitored to ensure that they do not compromise the final product quality or consumer acceptance (ALVES et al., 2017) .
Lettuce (Lactuca sativa L.) is one of the most consumed vegetables in Brazil and can be grown all year long with varieties adapted to the climate of each region (SALA, COSTA, 2012) . There are several groups of lettuce in the world; however, in Brazil, the best known and consumed lettuces are curly and smooth (HENZ; SUINAGA, 2009).
Lettuce cultivation in Brazil has as its main problem the scarcity of water resources, primarily in the semi-arid regions, which has been the focus of numerous researches mainly aimed at incorporating the use of wastewater to increase water availability for crop production (RODRIGUES et al., 2011; JUCHEN et al., 2013; CUBA et al., 2015; ALBUQUERQUE JUNIOR et al., 2016) . Another condition related to the quality of lettuce production is nutritional requirements. According to Meirelles et al. (2017) , due to its short cultivation cycle, lettuce is a very demanding crop in nutrients, and the deficiency of these nutrients present symptoms that can be identified visually as abnormal color, growth, burning, and distortions of parts of the plant. Thus, besides acting as a water source, treated domestic sewage presents properties of a biofertilizer (REBOUÇAS et al., 2010) which can provide mineral nutrition to the crop.
On the other hand, although the literature confirms that domestic sewage effluent can effectively increase the availability of water resources for irrigation, there is a need for continuous monitoring of concentrations of potentially toxic elements in soil, plants, and groundwater. However, in order to avoid accumulation of these elements in the soil, hydroponic cropping systems using crop substrates may be a viable method to prevent the impact of effluent disposal on the soil, since in these systems there is a control of the application of sewage effluents. These systems also make possible the recycling of substrates enriched with nutrients for use in successive cycles.
In view of the above, this study was aimed to evaluate the effects of treated sewage effluent on the growth, production, and quality of two cultivars of curly lettuce.
Material and Methods
The A randomized complete block design was used in a 5 x 2 factorial scheme, with 5 concentrations of the treated domestic effluent diluted in the supply water (0, 25, 50, 75 and 100% of the treated domestic effluent) and two cultivars of loose curly lettuce (C1 -Scarlet and C2 -Crystal), with three replicates and five plants per replicate.
The lettuce plants were cultivated in trapezoidshaped PVC channels filled with substrate based on coconut fiber and organic compost HortVida® (2:1). The organic compost had the following characteristics: 13% (weight/weight) nitrogen (N), 50% (weight/weight) moisture, 21% (weight/ weight) organic carbon (C), cation exchange capacity (CEC) of 371 mmol c dm -3 , C/N ratio of 15.8, CEC/C ratio of 17.6, and a pH of 6.0. The material was manually mixed in a 500 L PVC box, measured proportionally with 7 L buckets using two parts coconut fiber to one part organic compost. Then, the trapezoid PVC channels with a 3 m length were filled manually and placed 0.90 m from the soil level of the protected environment. They had perforations at their base every 0.5 m to drain the excess solution and were fixed with a wood support with declivity of approximately 3% to facilitate the drainage of excess irrigation water. The substrate was irrigated with supply water daily over a period of seven days until the transplant of the seedlings.
The system adopted was drip irrigation, where irrigations were done daily at the end of the afternoon using 0.5 m spaced emitters, 2.5 L h -1 water flow, and five reservoirs with a capacity of 250 L each. The supply water used in the experiment comes from the UFERSA well. The domestic sewage effluent was collected from a low-cost gray water treatment system installed for primary treatment at the headquarters of the Community Association Recycling for Life (ACREVI). The system consists of a masonry grease box with 0.40 x 0.40 x 0.40 m, two septic tanks with a capacity of 1000 L, a 1000 L anaerobic filter and a 100 L tank to store treated water (FERNANDES, 2017) .
The analysis of treated domestic sewage effluent showed that the treatment is efficient in removing most of the biochemical and microbiological parameters with potential to harm human health, with all values being within the limits allowed by the irrigation water legislation (CONAMA, 2008) .
For the physico-chemical and microbiological characterization (Table 2) , samples were collected and preserved in isothermal boxes with ice at 4 o C until they entered the laboratories. The physico-chemical analysis was performed at the Laboratório de Análise de Solo, Água e Planta -LASAP (Laboratory of Analysis of Soil, Water and Plant) at UFERSA, while the microbiological analysis was performed at the HIDROLAB Laboratory -Central Hidrolab Serviços LTDA. The identification and quantification of the total and thermotolerant coliforms population levels was based on the methods proposed by the "Standard methods for the examination of water and wastewater" (RICE et al., 2012) . The seeds of both lettuce cultivars were produced on March 7, 2017 in expanded polystyrene trays of 200 cells filled with substrate composed of organic fertilizer by the organic company HortVida ® . These were transplanted 25 days after sowing -DAS alternately in the channels, spacing 30 cm between plants.
Harvesting occurred 35 days after transplanting (DAT). The plants were collected to determine the following: number of leaves (NL) by counting the number of leaves, starting from the basal leaf until the last opening leaf; height of the plant (HP) determined from the ground to the highest part of the plant, obtained with a graduated ruler; leaf area (LA) by measuring the length (cm) and width (cm), obtained through a ratio of length x height x number of leaves; shoot fresh mass (SFM) and fresh mass of the root (FMR), through collection, sectioning, packing the plants in paper bags, and weighing on an electronic scale with accuracy of 0.01g; shoot dry mass (SDM) and dry mass of the root (DMR), where the samples were placed in an oven at 65 °C with forced air circulation until they reached constant weight and were later weighed in an analytical balance with an accuracy of 0.0001g.
The plants were also evaluated post-harvest determining the following: soluble solids -SS (%), determined directly in the homogenized juice, through a digital refractometer reading (SAMMAR model 852610472); titratable Acidity -TA (% citric acid) determined by titration using a 1.0 mL aliquot of juice to which 49.0 mL of distilled water and 3 drops of 1% alcoholic phenolphthalein are added using 0.1 N sodium hydroxide solution (NaOH) standardized with potassium biftalate as titrant (IAL, 2008) ; potential of hydrogen (pH), determined in Tecnopon brand pHmeter (Model mPA -210P / Version 7.1), with direct electrode insertion according to IAL (2008); Vitamin C (mg.100mL -1 of Ascorbic Acid), determined according to AOAC (2005) through titration with 2.6 dichlorophenolindofenol (DFI) until obtaining permanent clear pink staining, using 1.0 mL of diluted juice in 49.0 mL of oxalic acid 0.5%. Chlorophyll content (mg cm -2 ) was determined according to the laboratory method developed by Lichtenthaler (1987) , using samples of five discs from the limb of the third mature leaf from the apex. From the extracts, the concentration of chlorophyll in the solutions was determined by the spectrophotometer at absorbance wavelength A (470, 646.8 and 663.2 nm) using Equation 1 below.
Total Chlorophyll (mg cm -2 ) = 17.3 A646 + 7.18 A663 (1) The data were submitted to analysis of variance 'F' test, in case of isolated significance of the 't', Student's cultivars, isolated significance of the effluent concentrations, or the interaction between the factors. A polynomial regression analysis was performed at the 5% probability level using the statistical software SISVAR ® (FERREIRA, 2014).
Results and Discussion
A significant interaction (p <0.05) was observed between the concentrations of treated domestic effluent and lettuce cultivars for leaf area. For the variables plant height, leaf number, shoot fresh and root, shoot dry mass and root, and chlorophyll contents was observed a significant difference (p <0.05) isolated from the concentrations of treated domestic effluent. Among cultivars, a significant difference (p <0.05) was observed for leaf number, soluble solids content and chlorophyll content. For variables: titratable acidity, potential of hydrogen, and vitamin C were not verified influence of the factors tested (Table 3) . The height and number of leaves from lettuce plants presented quadratic behavior as a function of the increase of the domestic effluent concentration in the irrigation water, with the highest values (21.04 cm and 22 leaves) observed at concentrations of 83.8 and 76.03%, respectively ( Figures 1A and  1B) . At levels higher than this, a reduction in the height and number of leaves of the plants was observed. This also affects the accumulation of biomass, indicating that high concentrations of treated domestic effluent can exert toxicity effects on plants due to excess nutrients (mainly nitrogen) as observed in pepper and okra plants by Oliveira et al. (2012) and ornamental sunflower by Alves et al. (2014) . Regarding the cultivars, it was verified that the highest number of leaves were emitted by the cultivar Cristal, with 17.58% higher emission than the Scarlet leaves, indicating a higher growth potential of this cultivar ( Figure 1C ).
As observed for plant height and number of leaves, the Scarlet (C1) cultivar also presented a quadratic behavior for leaf area as a function of the concentration of sewage effluent in the irrigation solution, with the highest leaf area (204.47 cm 2 ) observed at an application of 63.78% effluent ( Figure 1D ). However, the leaf area of the cultivar Cristal (C2) responded linearly to the increase in the concentration of treated domestic effluent, with increases of 1.38 cm 2 for each unit increase of the percentage of effluent in the irrigation solution ( Figure 1D ). Increased concentration of treated domestic effluent has benefits in the growth of lettuce plants, with 352 and 286% increments, respectively, in the leaf area of the cultivars Scarlet and Cristal, comparing the results of the concentration of 63.78% and 100% to the concentration 0% water supply control ( Figure 1D ). Promising results from the application of wastewater from domestic sewage on plant growth were also observed in watermelon and tomato by Costa et al. (2013) and in pepper and okra by Oliveira et al. (2012) . According to Andrade et al. (2014) , the greatest growth in plant height when irrigated with wastewater may be associated, mainly, with the positive effect of the nitrogen present in the water on the vegetative growth of the plants, since in the water supply this important growth element is usually absent.
The increase of the concentration of treated domestic effluent influenced the biomass accumulation of the lettuce plants, with quadratic behavior being seen for the variables shoot fresh mass and root, shoot dry mass and root. Greater accumulation of biomass of 263.61 g of shoot fresh matter, 89.18 g of fresh matter of the root, 19.30 g of shoot dry matter, and 12.46 g of dry matter of the root was observed in plants irrigated with solutions containing 60.76, 74.45, 65.51, and 88.75% of effluent, respectively (Figure 2A, B, C and D) . According to Rodrigues et al. (2011) . The positive effects on the average lettuce yield provided by fertirrigation with wastewater demonstrate that the use of these inferior waters as a source of nutrients in vegetables should continue to be investigated. supply control ( Figure 1D ). Promising results from the application of wastewater from domestic sewage on plant growth were also observed in watermelon and tomato by Costa et al. (2013) and in pepper and okra by Oliveira et al. (2012) . According to Andrade et al. (2014) , the greatest growth in plant height when irrigated with wastewater may be associated, mainly, with the positive effect of the nitrogen present in the water on the vegetative growth of the plants, since in the water supply this important growth element is usually absent.
The increase of the concentration of treated domestic effluent influenced the biomass accumulation of the lettuce plants, with quadratic behavior being seen for the variables shoot fresh mass and root, shoot dry mass and root. Greater accumulation of biomass of 263.61 g of shoot fresh matter, 89.18 g of fresh matter of the root, 19.30 g of shoot dry matter, and 12.46 g of dry matter of the root was observed in plants irrigated with solutions containing 60.76, 74.45, 65.51, and 88.75% of effluent, respectively (Figure 2A , B, C and D). According to Rodrigues et al. (2011) . The positive effects on the average lettuce yield provided by fertirrigation with wastewater demonstrate that the use of these inferior waters as a source of nutrients in vegetables should continue to be investigated. A B C D * and NS = significant at 5% probability and not significant, respectively. Means followed by the same letter * and NS = significant at 5% probability and not significant, respectively. Means followed by the same letter do not differ significantly at the 5% level ('t' of Student test). Figure 2 . Shoot fresh mass, SFM (A) and root, FMR (B), shoot dry mass, SDM (C) and root, DMR (D) of cultivars of curly lettuce (C 1 -Scarlet and C 2 -Cristal) cultivated on coconut fiber substrate under increasing doses of wastewater from treated domestic sewage at 35 days after transplanting.
do not differ significantly at the 5% level ('t' of Student test). A B C D * and NS = significant at 5% probability and not significant, respectively. Means followed by the same letter do not differ significantly at the 5% level ('t' of Student test).
The results obtained in this work for the production of shoot fresh matter are twice as high as the 118.57 g of shoot fresh mass of the observed by Cuba et al. (2015) while evaluating the use of domestic wastewater treated in the production of curly lettuce cv. Vanda. The results obtained in the present research for dry matter are in agreement with those observed by Rodrigues et al. (2011) working with dairy wastewater and fridge in the cultivation of American lettuce cv. Tainá.
Regarding the increment of root dry mass observed in this work as a function of the increasing doses of treated domestic effluent, Andrade et al. (2014) state that it is possibly related to the phosphorous content in the wastewater, because that nutrient favors the development of the root system.
In the present study, the use of treated domestic effluent allowed the satisfactory production of lettuce grown on coconut fiber substrates, even in the absence of chemical fertilization. It was confirmed that * and NS = significant at 5% probability and not significant, respectively. Means followed by the same letter do not differ significantly at the 5% level ('t' of Student test).
In the present study, the use of treated domestic effluent allowed the satisfactory production of lettuce grown on coconut fiber substrates, even in the absence of chemical fertilization. It was confirmed that the use of the effluent, in addition to supplying the water needs of the crop, can act as a biofertilizer providing satisfactory yield at low cost. This was also postulated by Rebouças et al. (2010) . According to Juchen et al. (2013) , the availability of nutrients (mainly nitrogen) from organic fertilizers are fundamental to the growth and development of plants and may explain the satisfactory productivity achieved by fertirrigated plants with wastewater. This fact is very important for family farming, since some wastewater does not have the characteristic of supplying the nutritional needs of the crops, as observed by Baioni et al. (2017) . The authors verified that in order to obtain satisfactory production of the coriander and chives cultures it is necessary to associate fishery wastewater with chemical fertilization.
In relation to the post-harvest quality, there were higher levels of soluble solids and chlorophyll content in the cultivar Cristal (C2), being 13.68 and 75.0% higher in relation to Scarlet (C1), respectively ( Figures 1A and B) . These results indicate that the cultivar Cristal has a higher quality than the Scarlet cultivar ( Figure 1D) , and that the highest concentration of chlorophyll is indicative of higher concentrations of nitrogen and probably higher photosynthetic potential and synthesis of carbohydrates. That may have contributed to the higher concentration of soluble solids, which could confer a greater degree of sweetness on the leaves of the plants of this cultivar.
The chlorophyll content was also influenced by the increased concentration of the treated domestic effluent, and a quadratic response was verified with the highest chlorophyll index 0.39 mg cm 2 being observed when 68.75% of the effluent was used in the irrigation water ( Figure 3C ). The increase in chlorophyll content coincides with an increase in shoot biomass gain, as well as losses caused by the use of effluent concentrations higher than 70% (Figures 2A and 3C ). This indicates that concentrated effluent application exerts a cytotoxic effect on lettuce plants, compromising the biomass gain and the synthesis of biomolecules such as chlorophyll, due to the high concentration of nutrients (mainly nitrogen). These results indicate the importance of studies related to the management of wastewater application associated with agricultural crops, given that studies carried out by Juchen et al. (2013) evaluating the biomass production of lettuce cv. Tainá did not find a negative influence of the application of 100% of refrigerated and dairy water on the plants. However, Fonteles et al. (2015) evaluating the use of wastewater from domestic sewage treated in the cultivation of lettuce cv. Babá de Verão, found reductions in growth and biomass accumulation in concentrations higher than 50% of the effluent.
Although no changes were observed in titratable acidity, potential of hydrogen, and vitamin C content, mean values of 0.14% of citric acid, 6.08 unit and 0.21 mg 100 mL -1 of ascorbic acid, as well as the soluble solids content of 3.93°Brix (Table 3) , those attributes are within the range observed for the agricultural culture by Reis et al. (2014) and Nascimento et al. (2017) evaluating post-harvest quality of lettuce cv. Isabel and Julia in organic and conventional cultivation, respectively. These results indicate that the application of the treated domestic effluent can be used without compromising the post-harvest quality of lettuce. Figure 3 . Soluble solids, SS (A) and chlorophyll, CHLO (B and C) on leaves of cultivars of curly lettuce (C 1 -Scarlet e C 2 -Cristal) cultivated on coconut fiber substrate under increasing doses of wastewater from treated domestic sewage at 35 days after transplanting. Figure 3 . Soluble solids, SS (A) and chlorophyll, CHLO (B and C) on leaves of cultivars of curly lettuce (C 1 -Scarlet e C 2 -Cristal) cultivated on coconut fiber substrate under increasing doses of wastewater from treated domestic sewage at 35 days after transplanting.
A B C * and NS = significant at 5% probability and not significant, respectively. Means followed by the same letter do not differ significantly at the 5% level ('t' of Student test)
Conclusions
The treated domestic effluent can be used as irrigation water for lettuce cultivation, with a recommended concentration of 70% giving greater growth and production.
The cultivar Cristal presents higher growth, higher content of soluble solids, and higher chlorophyll content than the cultivar Scarlet.
The different proportions of sewage effluent in irrigation water did not interfere in the postharvest quality of lettuce. * and NS = significant at 5% probability and not significant, respectively. Means followed by the same letter do not differ significantly at the 5% level ('t' of Student test)
The different proportions of sewage effluent in irrigation water did not interfere in the post-harvest quality of lettuce.
